Abstract. ACTH and 17-hydroxyprogesterone (17OHP) levels during clitoro-and labinoplasty for CYP21A2 deficiency have not been reported. In this study, we measured these levels during surgery. Intensive glucocorticoid supplement (IGS Tx; intravenous bolus injection of daily dose (14.6 to 22.2 mg/m 2 ) of hydrocortisone followed by continuous infusion of three times the daily dose for 24 hours) was done to eight patients for surgery. ACTH and 17OHP levels were generally suppressed during operation by this protocol, but mid-surgical elevations of ACTH and 17OHP levels were observed in four out of the eight. In another three patients than the eight as described, oral dexamethasone pretreatment (1 mg/m 2 ) was administered for two days before surgery in addition to IGS Tx. ACTH and 17OHP levels were completely suppressed throughout operation, indicating that this kind of additional pretreatment is more effective approach.
CYP21A2 deficiency (formally called as 21-hydroxylase deficiency) is an inherited disorder in an autosomal recessive manner due to various mutations in the CYP21A2 gene on chromosome 6 [1] [2] [3] . Deficiency of this steroidogenic enzyme results in underproduction of glucocorticoids and mineralocorticoids and increased adrenocorticotropic hormone (ACTH). In female patients, virilization is caused by overproduction of androgen.
The medical treatment of CYP21A2 deficiency is a supplement for glucocorticoid and mineralocorticoid insufficiency. Any kind of stress makes the management difficult and high-dose glucocorticoid administration during stressful periods is recommended to suppress the hypothalamus-pituitary-adrenal axis [4] .
In female patients with severely virilized genitalia, a surgical reconstruction with clitoroplasty is necessary for cosmetic and psychosocial reasons [5] . Although the stress of surgery is one of the strongest, to date no study has been reported on the activity of the hypothalamus-pituitary-adrenal axis during urological surgery.
To confirm the effectiveness of the high-dose glucocorticoid administration during surgery, we studied the changes in ACTH, 17-hydroxyprogesterone (17OHP) and cortisol levels of CYP21A2 deficient patients during clitoroplastic surgery.
Materials and Methods

Subjects
Eleven female patients who suffered from CYP21A2 deficiency with virilization were the subjects of this study. Reduction clitoroplasty and reconstruc- Urine pregnanetriol levels were controlled to less than 1.0 mg/day in the four patients whose urine samples were collected for 24 hours. Acceleration of growth or bone age was not observed in any patients. Subjects were admitted three to four days before operation, at which time they were confirmed not to have any infection or electrolyte disturbance. Informed consent to the study was obtained from all guardians.
Anesthesia
A standardized anesthetic technique was used in all the patients. Preoperative sedation was obtained with diazepam (Yamanouchi, Tokyo, Japan) administered orally 60 minutes before surgery. Anticholinergic agent was also administered at the same time. Anesthesia was induced with sodium thiopental (Tanabe, Tokyo, Japan) and pancuronium bromide (Sankyo, Tokyo, Japan), and maintained with 0.25% bupivacaine (Fujisawa, Tokyo, Japan). Narcotics were not used. Neuromuscular blockade was reversed with neostigmine (Shionogi, Tokyo, Japan) during emergence from general anesthesia.
Surgery
Standard clitroplasty, vaginoplasty and labioplasty were performed [5] . The starting time of operation, operating room time and operative procedures are shown in Table 2 . All surgical interventions were finished uneventfully, and blood pressure and electrolytes were stable throughout operation. During operation, plasma renin activity was also suppressed in seven of the subjects studied (data not shown).
Glucocorticoid supplement for surgery
Eight patients (cases 1-8) were given the usual dose of oral medication containing hydrocortisone and 9a-fludrocortisone on the morning of surgery. Half an hour before surgery, intravenous bolus administration of the daily dose of hydrocortisone followed by continuous infusion of three times the daily dose for 24 hours was given; this is called 'intensive glucocorticoid supplement (IGS Tx)' in this manuscript and is standard management for CYP21A2 deficiency in adrenal insufficiency [4] . In three patients (cases 9-11), 1 mg/m 2 oral dose of dexamethasone was administered instead of daily hydrocortisone for two days before surgery, which was followed by IGS Tx at the day of surgery.
Blood sampling and hormone assays
Blood samples from the patients were collected through an indwelling venous catheter to measure levels of ACTH, 17OHP and cortisol. The sampling was done one hour before surgery and up to 24 hours after bolus injection of hydrocortisone. The intervals of the sampling ranged from twenty minutes to one hour throughout surgical procedure.
Plasma ACTH levels were measured by immunoradiometric assay (Mitsubishi BCL, Ibaragi, Japan). The sensitivity was 5 pg/ml and inter-assay and intraassay variance (inter-and intra-CV) were less than 6% at three different concentrations. Serum cortisol level was determined by fluorescence-enzyme immunoassay (Immunotech, Marseilles, France). The sensitivity was 0.64 mg/dl and inter-and intra-CV were less than 9% at three different concentrations. Radioimmunoassay was used for measuring levels of serum 17OHP (Nippon DPC, Tokyo, Japan). The sensitivity was 0.1 ng/ml and inter-and intra-CV were less than 7% at three different concentrations. Urine pregnanetriol level was determined by fluorescence-enzyme immunoassay (Mitsubishi BCL, Ibaragi, Japan). The sensitivity was 0.1 mg/day and inter-and intra-CV were less than 6% at three different concentrations.
Descriptive data are expressed as mean ± SD in this manuscript.
Results
IGS Tx without dexamethasone pretreatment
Cortisol levels were elevated to plateau concentrations of 57.3 to 104 mg/dl within 90 minutes of intravenous bolus administration in all patients. Fig. 1 and 2 are representative profiles of cortisol levels during clitoroplasty.
The response of 17OHP in all the subjects is shown in Fig. 3a . 17OHP levels decreased within 90 minutes after starting IGS Tx and continued to be suppressed throughout surgery in four of the eight subjects (cases 1-4). Fig. 1 also shows a representative profile of 17OHP levels (case 3). In cases 5-8, 17OHP levels were suppressed incompletely. Fig. 2 shows a representative profile of 17OHP levels (case 6). According to the data of four of these cases (cases 5-8), there was a tendency that the higher the 17OHP levels before operation, the more difficult it was to suppress the levels during operation; if the levels were less than about 10 ng/ml, the suppression of 17OHP was complete.
ACTH levels, which were 45 to 922 pg/ml before surgery, were generally suppressed within 60 to 90 minutes after starting the IGS Tx. The response of ACTH in all subjects is shown in Fig. 3b . The pattern of ACTH in each case was similar to that of 17OHP, namely nearly complete suppression of ACTH in cases 1-4 and transient elevation in cases 6-8. Representative data are also shown in Fig. 1 (case 3 with suppression) and 2 (case 6 with transient elevation).
IGS Tx with dexamethasone pretreatment
Because of the difficulty of predicting preoperative 17OHP levels or the mid-surgical reactivation of the adrenal cortex on admission or before operation (after admission), dexamethasone was administered prior to surgery in three of the subjects (cases 9-11). The suppression of 17OHP and ACTH levels started from the day before surgery and continued throughout surgery ( Fig. 4a and 4b ) in these three subjects including case 10 who had high 17OHP levels (closed triangle in Fig.  4a ) before dexamethasone pretreatment. No adverse event was observed during dexamethasone pretreatment.
Discussion
Elevation of ACTH and 17OHP during surgery may be caused by inadequate presurgical management, which is partially due to anxiety and stress before operation. The preoperative long-term control (mean of six months before operation) of cases 5-8 was good based on plasma ACTH and serum 17OHP levels, and urine pregnanetriol levels (as shown in Table 2 ) and none of them showed an advancement in height velocity, bone age or masculization (data not shown). However, the preoperative short-term control after admission (as speculated by preoperative 17OHP and ACTH levels on the day of surgery) was not excellent in cases 5-8 (see Fig. 3a, 3b ), which was difficult to predict within a few days after admission. The other possibility of this transient elevation is that the depth of anesthesia and/or intravascular volume changed during surgery, which was not detected in this study. However, based on the preoperative 17OHP and ACTH levels (see Fig.  3a, 3b ) of the four participants who showed the elevations of 17OHP during operation, a more likely reason for the transient elevation is inadequate short-term control before operation, which may be caused by preoperative stress after admission as described above.
To suppress the elevation of 17OHP and ACTH levels during operation, incremental dose of hydrocortisone during IGS Tx is not enough. First, it takes more than several days to suppress ACTH levels of untreated patients with CYP21A2 deficiency even when the dose of hydrocortisone is 100 to 200 mg/m 2 [6] . Second, the transient elevation is probably not due to inadequate elevation of cortisol levels during IGS Tx. There were two reports that cortisol levels induced by surgical stress were elevated around 8.4 ± 0.5 mg/dl and 35 ± 6 mg/dl [7, 8] in an adult population without adrenal dysfunction. Cortisol levels under stress without any complication in adrenal cortex were 27.9 ± 14.4 mg/dl at the age of four months to nine years [9] . Third, there were two reports that ACTH response due to stress of major surgery was not suppressed even with elevated exogenous or endogenous cortisol levels [10, 11] . Therefore, incremental dose of hydrocortisone alone during ICS Tx may not be enough to suppress the adrenal cortex completely.
To suppress the hypothalamus-pituitary-adrenal axis during surgery, additional short-term pretreatment such as dexamethasone or increment of daily dose of hydrocortisone for a few days before surgery is possibly needed. An investigation shows that pretreatment of 1 mg/m 2 of dexamethasone for 2 days can suppress ACTH response to hypoglycemia stress in normal adults [12] . These kinds of short-term high-dose glucocorticoid supplement during stressful period have no disadvantage in the long run and stress-induced adrenal insufficiency is known to be potentially lethal.
Therefore, oral high-dose glucocorticoid pretreatment such as dexamethasone or increment of daily hydrocortisone for two days before surgery would be recommended in addition to IGS Tx. The modified protocol using dexamethasone was done in cases 9-11, showing complete suppression of 17OHP including the pre-and post-operative periods.
It remains unknown whether all patients who undergo surgery need to be given high-dose glucocorticoid pretreatment. Preadmission screening may not be helpful to determine hormonal status before operation because hospitalization or preoperative social situation after admission could be a stressful event to stimulate the hypothalamus-pituitary-adrenal axis. In summary, the protocol of intensive glucocorticoid supplement (referred to above as IGS Tx, which consists of one bolus intravenous injection of daily dose of hydrocortisone followed by continuous infusion of three times the daily dose by continuous infusion for 24 hours) does not suppress the ACTH-cortisol axis on the day of surgical intervention in all of the patients with CYP21A2 deficiency. Two-day oral pretreatment of more potent suppression of the hypothalamus-pituitary axis such as dexamethasone in addition to IGS Tx, may be needed.
